). Cumulative frequency graphs showed that the D 2 models for all four plant species effectively identiÞed site conditions that contribute to the presence of the respective species. Poisson regression showed an association between D 2 values and plant counts at Þeld-test sites for C. nutans and C. carolinianum. However, negative binomial regression detected no association between D 2 values and plant counts for C. discolor or C. vulgare. Chi-square analysis indicated associations between both weevil species and sites where C. vulgare and Carduus nutans were found, but not between the weevil and native thistle species. Habitats of C. nutans and Cirsium carolinianum overlapped in Ϸ12% of the study area. Data-based habitat models may provide a powerful tool for land managers and scientists to monitor native plant populations for nontarget feeding by introduced biological control agents.
of Cirsium in the western and central United States (Goeden and Ricker 1986 , Turner et al. 1987 , Rees 1992 , Turner and Herr 1996 , Louda et al. 1997 , Pemberton 2000 , Sauer and Bradley 2008 , including the Federally Endangered species Cirsium fontinale (Greene) Jeps. variety obispoense J. T. Howell [Turner and Herr 1996 , U.S. Department of Agriculture (USDA) 2009]. Because of its increasing host-range expansion to Cirsium species native to North America, R. conicus may begin to use other species listed as Federally Rare, Threatened, or Endangered (RTE), such as PitcherÕs thistle, C. pitcheri (Torrey) Torrey and Gray (Pavlovic et al. 1992 , Louda 1998 . Documented nontarget activity of T. horridus has not been as extensive as that of R. conicus, but Takahashi et al. (2009) observed rosettes of tall thistle, C. altissiumum (L.) Spreng., infested by T. horridus at similar frequencies and abundances as determined for bull thistle, C. vulgare (Savi) Ten., in Nebraska. Additionally, McAvoy et al. (1987) reported limited feeding by T. horridus on Þeld thistle, C. discolor (Muhl. ex Willd.) Spreng., in Virginia.
R. conicus and T. horridus were released throughout Tennessee from 1989 through the 1990s, and both weevils have subsequently become established in much of the state (Lambdin and Grant 1992 , Grant and Lambdin 1993 . Currently, seven Cirsium species occur in Tennessee: Þve native species [C. altissimum, soft thistle, C. carolinianum (Walt.) Fern. & Schub., C. discolor, yellow thistle, C. horridulum Michx., and swamp thistle, C. muticum Michx.] and two introduced species [Canada thistle, C. arvense (L.) Scop., and C. vulgare] . Adult T. horridus recently have been documented in low numbers on all native thistle species in Tennessee ). Although C. carolinianum and C. horridulum are phenologically synchronous with the oviposition and development of R. conicus and the ßowering of Carduus nutans L. (Wiggins 2009) , there have been no published reports of nontarget feeding of R. conicus on native thistles in this region. Therefore, the impact of the released weevils on nontarget thistle species in Tennessee is poorly known.
The proximity of populations of native thistles to populations of musk thistle varies where nontarget impacts have been observed. Nontarget feeding and subsequent establishment of R. conicus on some native thistles can occur in areas with few or no musk thistle populations in the vicinity. For example, R. conicus established self-sustaining populations on C. canescens in Nebraska, and infestation levels and nontarget feeding by R. conicus on this species were greatest in areas where the native thistle was most commonly distributed, far from populations of musk thistle (Rand and Louda 2006) . However, proximity to populations of musk thistle has been shown to inßuence infestation levels of R. conicus on other native thistle species. documented greater nontarget infestation of the native Cirsium undulatum (Nutt.) Spreng. by R. conicus within stands of C. nutans than on native plants 30 Ð100 m from stands. Additionally, egg densities of R. conicus on C. undulatum and C. flodmanii (Rydb.) Arthur (also native) were four times greater in landscapes heavily infested with C. nutans than in landscapes with low densities of the exotic thistle . These studies show that proximity of C. nutans to native thistles can inßuence nontarget feeding on both local and landscape scales. Because little (T. horridus) or no (R. conicus) nontarget activity has been observed on native thistles in Tennessee, the distribution of the introduced weevil species is probably most inßu-enced by the distribution of introduced thistle species. Therefore, the proximity of native thistles to introduced thistles should increase the likelihood of interactions among introduced weevils and native thistles.
Modeling the habitats in which native and exotic thistles occur could be a useful technique to identify areas where potential nontarget feeding of R. conicus and T. horridus may occur. Habitat modeling can provide relatively unbiased predictions of species occurrences and distribution across a large spatial area (Boetsch et al. 2003) . Although it has been used extensively to study indigenous and introduced vertebrate species (Scott et al. 2002) , habitat modeling has been increasingly used in association with invasive plant species (Nielsen et al. 2008 , Williams et al. 2008 , Ibanez et al. 2009 ).
Although nontarget feeding by R. conicus has not been observed on any naturally occurring native thistle species in Tennessee, two native species are phenologically synchronous with this weevil. Nontarget feeding by R. conicus on C. canescens was not documented in Nebraska until Ϸ20 yr after the release of this weevil in the state for management of musk thistle (Louda 1998) , so the synchronous species that occur in Tennessee could be at risk for nontarget feeding in the future. Therefore, monitoring for nontarget activity would enable early detection for land managers concerned with preservation and conservation of native plant species. Because thistles in the genera Carduus and Cirsium are known to be necessary for the reproduction of R. conicus and T. horridus, characterizing habitats for the known introduced plant hosts and the potential native plant hosts, especially those species with biologies and phenologies synchronous with those of the weevils, would identify habitats where these weevils may occur.
In Spring 2005, a study was initiated to characterize habitats where native and exotic thistles occur and to identify areas where these thistle species may coexist. The objectives of this study were to: (1) predict habitat areas of native and exotic thistles, (2) identify areas where native and non-native thistle species overlap, and (3) quantify associations of R. conicus and T. horridus with introduced and native thistle species. This project was designed to predict where habitats of native and non-native thistle species may coincide and, thus where nontarget feeding by the two introduced weevils may occur.
Materials and Methods
Study Area. Four counties (Bledsoe, Cumberland, Morgan, and Van Buren; Ϸ4,812 km 2 ) in eastern Tennessee were selected to develop site suitability indices and predict potential thistle habitats (Fig. 1) . This four-county area consists mostly of areas in which thistles do not occur (69% forested and Ͻ1% water/ wetlands), but also has a range of land cover types (i.e., 13% pasture, 8% grassland, 6% developed, 2% scrub or barren, and 1% crop land) in which thistle species may occur [U.S. Geological Survey (USGS) 2009]. This study area was selected because the four thistle species chosen as model species [two introduced (C. nutans and C. vulgare) and two native (C. carolinianum, C. discolor)] occur throughout these counties based on specimen records from the University of Tennessee (UT) Herbarium. C. carolinianum was selected as one of the native model species, because it is phenologically synchronous with C. nutans and both introduced weevil species (Wiggins 2009 (Wiggins 2009 ). Although C. horridulum is also phenologically synchronous with both introduced weevil species, its distribution is limited in the state. This limitation made it more difÞcult to identify populations within the study area for use in modeling, which is why this species was excluded from modeling at this time.
During Spring and Summer 2005 through 2007, site reconnaissance was conducted to locate populations of the four thistle species in the study area. Thistle populations were detected visually and plant identiÞcation was conÞrmed using Wofford (1989) and based on comparisons of Þeld-collected plants with thistle specimens in the UT Herbarium. Populations of each thistle species (42 of C. nutans, 35 of C. carolinianum, 76 of C. discolor, and 39 of C. vulgare) were georeferenced using a Trimble GeoExplorer CE GPS unit (Trimble Navigation Limited, Sunnyvale, CA) and entered into a GIS database in (ArcMap version 9.2.1, ESRI, Redlands, CA).
Habitat Attributes. Predicting species occurrence requires knowledge of the resource conditions that contribute to use of a habitat by a particular species. The habitat attributes selected for the model represent the basic physiographic, soil quality and chemistry, light, and moisture requirements that contribute to thistle growth. Eight habitat attributes were used to generate habitat models for each thistle species (Table  1) . Digital elevation models (30-m resolution) were obtained from the U.S. Geological Survey (USGS 2009 ). Slope was calculated from the digital elevation model. Two unitless indices were used as habitat attributes. The topographic relative moisture index (TRMI) is a measure of potential soil moisture, and the solar insolation index is an estimate of solar radiation potential that takes topography into account (Boetsch et al. 2003 , Thompson et al. 2006 . The Soil Data Viewer was used to extract soil data from the Soil Survey Geographic database [Natural Resources Conservation Service (NRCS) 2009; Table 1 ]. The speciÞc soil attributes (i.e., percent clay, organic matter, and sand and pH) of soil classes within the study area were selected because they are general indicators of soil quality. Soil data were converted from vector to raster data with a pixel size of 30 m. The mean and standard deviation were calculated for each of the eight model attributes for each thistle species to document the relative contribution of each attribute to the model (Feng et al. 2009 ).
Predicting Habitats. Mahalanobis distance (D 2 ) was used as the method to characterize plant habitats and predict species occurrence. D 2 is a multivariate measure of dissimilarity and uses the mean, variance, and covariance of habitat characteristics associated with the sample locations (Mahalanobis 1936 , Clark et al. 1993 , van Manen et al. 2002 :
where x is the vector of the habitat characteristics based on the GIS data layers of the eight habitat variables, û is the mean vector of habitat characteristics of the sample sites, and ⌺ Ϫ1 is the inverse variance-covariance matrix calculated from the sampling sites. D 2 is the standard squared distance between a set of sample variates, x, and "ideal" habitats deÞned by the sampling sites and represented by û . Low D 2 values indicate conditions that are most similar to those of the sampling sites (i.e., observed locations), and D 2 values increase with greater dissimilarity. By comparison, Euclidean distance, which is a common method that also assesses dissimilarity among data in multivariate space, can be biased if variables are correlated (Gotelli and Ellison 2004, Pino et al. 2009 ). D 2 accounts for correlations among the variables by incorporating the variance and covariance of the data (Pino et al. 2009 , b All soils data were converted from vector data to 30 ϫ 30 m raster data.
De Maesschalck et al. 2000) . Furthermore, conventional habitat modeling techniques, such as logistic regression, discriminant function analysis, or classiÞ-cation tree analysis, require one dataset that describes habitat suitability and a corresponding dataset that reßects unsuitable sites where the species does not occur (Boetsch et al. 2003) . D 2 was selected for use in this study because, unlike those other techniques, it requires only presence data. Despite the widespread distribution of C. nutans, C. discolor, and C. vulgare, C. carolinianum is not as ubiquitous or easily detected. Using D 2 analysis to predict habitats eliminates the need to survey sites where thistle species do not occur. Additional advantages of this technique are that correlations among habitat variables are accounted for and multivariate normality is only required to rescale D 2 to a probability distribution (Clark et al. 1993 , van Manen et al. 2005 . In addition to predicting wildlife habitats (i.e., Clark et al. 1993 , Knick and Rotenberry 1998 , Browning et al. 2005 , Rotenberry et al. 2006 , Watrous et al. 2006 , Thatcher et al. 2006 , D 2 has been used in plant-related systems throughout the world, including predicting distributions of plant communities (DeVries 2005), enhancing plant conservation and restoration efforts (Boetsch et al. 2003 , van Manen et al. 2005 , Thompson et al. 2006 , and identifying areas vulnerable to the spread of invasive weeds (Rouget et al. 2004 ). To our knowledge, this technique has not been used previously to identify potential habitat overlap of target and nontarget species.
Calculations of û and ⌺ Ϫ1 were conducted using SAS software (version 9.2, SAS Institute, Cary, NC) to develop the habitat models using the habitat characteristics of 192 populations of the four thistle species based on the eight GIS habitat data layers. These values were used to calculate D 2 values for each pixel in the study area using Arc/Info GRID (ESRI, Redlands, CA).
Cumulative frequency graphs were generated for each thistle species to delineate habitat from nonhabitat areas by comparing the D 2 values of the observed localities against D 2 values if populations were randomly distributed (null model, n ϭ 366). The D 2 values for the thistle and null model localities of each thistle species were extracted from the respective habitat models based on D 2 and the percent cumulative frequency of each locality was graphed against the corresponding D 2 value. Increasing difference between the two cumulative frequency curves indicates a greater ability of the model to identify habitat areas different from those available within the study area. The greatest difference between the observed and null model curves is the threshold D 2 value below which the greatest percentage of plant locations occurs within the smallest percentage of the study area, thus providing a meaningful measure to delineate habitat (Pereira and Itami 1991, van Manen et al. 2005) . Accordingly, areas with D 2 values below the threshold value were delineated as habitat areas for each species and areas above the threshold value were not considered habitat (van Manen et al. 2005 , Thatcher et al. 2006 ).
Model
Testing. The models were tested using an independent set of 200 randomly generated test locations to determine the association between D 2 values and the presence of thistle species in predicted habitats. To ensure sufÞcient observations across the range of D 2 values, 50 sites were stratiÞed for each thistle species according to the distribution of D 2 values within the study area (van Manen et al. 2002 , 2005 , Boetsch et al. 2003 100 (percent of all pixels) ϭ n ϩ 2n ϩ 4n ϩ 8n ϩ 16n where n is a constant percentage of the pixels sampled within a stratum (i.e., area).
This geometric equation doubles the area of each of Þve successive strata, with the Þrst strata containing n (3.23%) pixels with the lowest range of D 2 values. Each successive stratum includes twice the area from which to sample (i.e., stratum two contained 6.46% of the pixels with the next lowest range of D 2 values, stratum three contained 12.92% of the pixels and so on). For each species, coordinates for 10 survey sites were generated for each of the Þve strata (i. (Wofford 1989 , Carman 2001 , Weakley 2008 ). Therefore, land-cover types from the 2001 National Land Cover Data (i.e., development, barren, shrub, grassland, pasture, crops) were combined to delineate open land cover types (USGS 2009 ). This open type was used as a Þlter to restrict surveys of predicted habitats to nonforested sites (Thompson et al. 2006 ). Survey sites were located using a Garmin GPS map 60CSx WAAS-enabled GPS unit (Garmin International, Olathe, KS). Although predictions were made for 30 ϫ 30 m pixels, a larger survey area was used at each test site (50 ϫ 50 m area) centered on the sampling position to determine the presence or absence of each thistle species. Upon documentation of thistles at the site, up to 20 plants of each thistle species present (depending on plant numbers) were visually examined in the Þeld for presence of eggs and/or adults of R. conicus and adults of T. horridus. Presence or absence of each weevil species was recorded for each plant species on which it occurred. Further investigation of the occurrence of these introduced weevils on C. carolinianum was sought at one site where this thistle species co-occurred with C. vulgare and C. nutans and R. conicus was observed on C. nutans. At this site only, in addition to visual inspection of 20 plants at this location, 10 whole plants of C. carolinianum were clipped at ground level and taken to the laboratory. Plants were closely ex-amined for adults of both species of introduced weevil, and all buds, ßower heads, and seed heads were dissected and examined for all life stages of R. conicus. Data Analysis. Count regression (PROC COUN-TREG, SAS 9.2, SAS Institute) was used to test if D 2 values were associated with the number of plants observed in the 200 test sites. Because of the possibility of zero-inßation (large number of zeros) and overdispersion (variance exceeding the mean) relative to the Poisson distribution, all dependent variables were Þrst Þt with zero-inßated, negative binomial models (Erdman et al. 2008) . These models were then tested for zero-inßation and the presence of overdispersion. For thistle species that showed a signiÞcant association between the number of thistle plants and D 2 values, predictive habitat maps were generated in ArcMap to determine areas where habitat overlap occurred.
PearsonÕs 2 test was used to test the association between the presence of each thistle species in predicted habitats and the occurrence of both introduced weevil species. The presence of each thistle species at the 200 Þeld-test sites was compared with the presence of R. conicus and T. horridus in SPSS 14.0 (SPSS Inc., Chicago, IL). Because comparisons of treatments were performed by species, multiple 2 tests were performed, which increased the likelihood of type I errors. Therefore, a conservative criterion alpha of P Ͻ 0.01 was used to decrease the likelihood of type I errors. Fig. 2A ). At that same D 2 value, only 37.43% of the 366 randomly distributed locations were classiÞed as habitats. The difference in the number of locations classiÞed as habitats between the observed and random data sets demonstrates that the model predicts the occurrence of each thistle species in its corresponding habitat at a greater level than what would randomly be observed.
Results and Discussion
In general, habitat models indicate that thistle habitats within the study area are primarily represented in areas of relatively high solar insolation at low-middle elevations, with gentle slopes and slightly acidic soils ). b Percent of observed sites that were correctly classiÞed as habitat (no. of locations classiÞed as habitat/total locations). c Percent of random sites that were correctly classiÞed as habitat (no. of locations classiÞed as habitat/total locations). *Introduced species. containing Ϸ25% clay, Ϸ35% sand, and Ϸ0.75% organic matter (Table 3) . For all thistle species, pH and solar insolation were highly inßuential attributes for habitats, as their standard deviations were relatively low (Յ25% of the mean). Elevation and percent clay were highly inßuential habitat attributes for all three Cirsium species, but were less inßuential for habitats of C. nutans. Percent sand and TRMI were inßuential habitat attributes for all thistle species, and percent organic matter and slope had the weakest inßuence on thistle habitats (Table 3) .
Model Testing. The presence of thistles in Þeld-test sites ranged from seven sites where C. carolinianum was present to 67 sites where C. discolor was present (Table 4) . Whereas the zero-inßated model was not required for the four thistle species, overdispersion was observed in the data for C. discolor and C. vulgare, and the negative binomial model was used. Poisson regression was sufÞcient for C. carolinianum and C. nutans, as neither zero-inßation nor overdispersion was a factor for these species. Poisson regression showed that plant counts at Þeld-test sites increased with decreasing values of D 2 for C. nutans (Ϫ0.0427; P ϭ 0.0022) and C. carolinianum (Ϫ0.5778; P Ͻ 0.0001; Table 4 ). Negative binomial regression showed no association (P Ͼ 0.05) between D 2 values and plant counts for C. discolor or C. vulgare (Table 4 ). The lack of signiÞcance of C. discolor and C. vulgare in Þeld-test sites may be because of the wider range of D 2 values at test sites where these species were present. Although C. carolinianum was found in the fewest sites, all those sites had relatively low D 2 values (1.57Ð 4.76; all below the threshold value identiÞed by cumulative frequency analysis). Conversely, D 2 values for test sites where C. discolor and C. vulgare were recorded ranged from 1.98 to 19.56 (two sites were greater than the cumulative frequency threshold value of 18.35) and 1.13Ð29.82 (six sites were greater than the cumulative frequency threshold value of 9.90), respectively.
Although this modeling technique correctly identiÞed habitats for C. carolinianum and C. nutans, the inability to predict habitat for some species is an important limitation of this approach. Choosing other, more descriptive habitat attributes or sampling additional, more diverse populations to include as ÔidealÕ habitats for C. discolor and C. vulgare, may have improved the ability of this modeling approach in prediction of habitats for these species. In previous studies (Boetsch et al. 2003 , van Manen et al. 2005 ), a narrow range of habitats was identiÞed for the model plant species. Because C. discolor and C. vulgare are both ruderal species, the habitat models reßect the generalist nature of these two species.
Chi-square tests showed associations between both weevil species and sites where C. vulgare and C. nutans were found (Table 5 ). For example, both C. nutans and R. conicus were predicted to be present at 4.8 sites, but these two species were actually present at 21 sites (Table 5) . Thus, the presence of either introduced thistle species in an area increases the probability of Table  1 this introduced weevil species occurring there as well, reßecting previously reported associations among these species (Surles et al. 1974 , Ward et al. 1974 , Surles and Kok 1976 , Frick 1978 , Zwö lfer and Harris 1984 . This association suggests that distribution patterns of the exotic weevils in this region are likely driven by the exotic plant hosts, with little inßuence of the native thistles. Both weevil species were recorded from sites where introduced and native species were documented to co-occur, but no signiÞcant associations were observed between weevil species and native thistle species (Table 5) .
Nontarget feeding on native thistles during this study was rarely observed. Of 67 sites where C. discolor occurred, nontarget occurrence of T. horridus on C. discolor was observed at seven sites, and Þve of these sites also contained either C. nutans or C. vulgare. No R. conicus were found on C. discolor, which may be because of the lack of synchrony between budding and ßowering of C. discolor and the oviposition and development of R. conicus. Although C. carolinianum occurred in conjunction at three sites with C. nutans and two sites with C. vulgare, R. conicus was recorded from only one site (on plants of C. nutans) where these native and introduced thistle species co-occurred. However, no evidence of either weevil was observed in Þeld inspections of 20 plants of C. carolinianum, and no R. conicus was observed from any of 10 plants taken to the laboratory for dissection and inspection. No T.
horridus were observed on any plants of C. carolinianum during this study.
The signiÞcance of the D 2 model to predict suitable habitats for C. nutans and C. carolinianum justiÞed generating maps of suitable habitats of both thistle species using the threshold value determined by their respective cumulative frequencies (Table 2) . No habitat suitability maps were generated for C. discolor or C. vulgare, as the D 2 models were not predictive of the test data. Approximately 12% overlap of C. nutans and C. carolinianum habitat was observed and nontarget feeding of introduced weevils on C. carolinianum may be most likely to occur there (Fig. 4) . The presence of C. nutans was an important predictor of the occurrence of both weevil species (Table 5) . Thus, the co-occurrence of C. nutans with C. carolinianum increases the likelihood that the introduced weevils will be in close proximity to the native thistle, thus increasing the opportunity for nontarget activity. Although the predictive model for C. vulgare was not signiÞcant, this thistle species was also a signiÞcant predictor of occurrence of T. horridus so the distribution of C. vulgare populations also could be a contributing factor to nontarget activity.
Surveys of other naturally occurring populations of C. carolinianum in eastern Tennessee have yielded no observations of nontarget feeding by R. conicus (Wiggins 2009) . This lack of nontarget activity may be because of the small amount of resources provided by C. carolinianum compared with those provided by C. nutans. The mature ßower heads of C. carolinianum are much smaller (Ϸ10 mm) in diameter than those of C. nutans (Ϸ35 mm). In the case of C. canescens in Nebraska, the ßower heads are of comparable size (Ϸ30 mm) to those of C. nutans (Lamp and McCarty 1981) . Perhaps the smaller ßower head of C. carolinianum is a less attractive oviposition site than heads of C. nutans. In addition, although the numbers of ßower heads per plant of C. carolinianum are similar to the range observed on C. nutans, populations of C. nutans are usually much more dense and expansive (in effect providing more ßower heads per unit area). Again, in the case of C. canescens, nontarget feeding and establishment of R. conicus on this native species was signiÞcantly inßuenced by the number of ßower heads (Rand and Louda 2006) . Because C. nutans provides more plants and larger ßower heads that can be used by R. conicus, there may little pressure to drive R. conicus to expand its host range in this region. However, caged-plant studies have documented oviposition, larval development, and adult emergence of R. conicus from buds and ßower heads of C. carolinianum when the weevil is restricted to the plant during nochoice, caged-plant studies (Wiggins 2009 ). Additionally, low numbers (two weevils from 240 plants) of adult T. horridus have been documented in naturallyoccurring populations of C. carolinianum in eastern Tennessee ). Therefore, the potential exists, given the proper circumstances, for both weevil species to use C. carolinianum as a reproductive host. This study used D 2 , in conjunction with the close associations known to occur between invasive weeds and insects introduced to control them, to predict where feeding is most likely to occur on native host plants. Information gained during this research may be used to enhance future introductions of biological control agents. Although several genera of European thistles were tested for host suitability, no thistles native to North America (i.e., the area of release) were tested before release of either R. conicus or T. horridus (Zwö lfer and Harris 1984) . Current host testing protocols now include native species related to the introduced host species. Spatial models that incorporate georeferenced plant population data from herbaria or natural resource agency databases could be used to evaluate the risk of nontarget activity through mod- eling the habitats of target host species and possible native host species. By including spatial analysis in the documentation (Biological Assessment and Environmental Assessment) required as part of the approval process of possible biological control agents, the evaluation of nontarget activity should improve and reduce the likelihood of unintended host expansion observed with R. conicus and T. horridus on native thistles (USDA-APHIS 2000) . However, more research is needed to Þne-tune this speciÞc model with this, and other, biological control programs before its inclusion in Biological and Environmental Assessments could be recommended.
The results of this study also may have important management implications for areas where conservation of native Cirsium species is a concern. The welldocumented nontarget feeding of R. conicus in other areas of the United States, in combination with the recent documentation of T. horridus occurring on the native thistle species C. altissimum, C. carolinianum, C. horridulum, and C. muticum (Takahashi et al. 2009 ), underscore the importance of detection and monitoring of native thistle populations, especially those listed as RTE species, for future conservation. Although no Cirsium species that occur in Tennessee are state or Federally listed, C. carolinianum is state listed as rare in Indiana and threatened in Ohio (USDA 2009 ). Land managers in these states could modify spatial modeling protocols developed during this project to identify suitable habitats for C. carolinianum and other native thistles to locate new populations and to monitor populations in areas where nontarget feeding may be most likely. Monitoring efforts in those habitats could provide early detection of nontarget activity of R. conicus or T. horridus and enable managers to make appropriate decisions regarding conservation of these native plant species.
